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A wind--tunnel fnvestigation has been made of the low-speed static 
longitudinal characteristics of a model of the X-3 a-lane with the wing 
flaps neutral end deflected. The X-3 airplane utflizes a wing having 
an aspect ratio of 3.01, a 4.%rcent-thick hexagonal section, and a 
taper ratio of 0.4. The wing was equipped with plain lead-age flaps 
and split trailing-edge flaps. The tests were conducted at a Mach number 
of approximately 0.20 snd a Reynolds number of approximately 2,COO,CGO. 

The data Indicate that the airplane, without the jettisonable-nose 
fins or the original mamar doors, will be longitudinally stable from 
zero lift coefficient to the stall with the flass either neutral or 
fully deflected and that the horizontal tail will be sufficiently effec- 
tive to balance the airplane at the stall. The jettisonable nose fFns 
and the original ma+landing-ge.ar doors both decreased the static longi- 
tudfnal stability. Other main-gear doors were developed that were not ' 
detrimental to the static longitudinal stability of the air-plane. 

The fuselage had a large effect on the static longitudinal stability 
of the model. The pitching mount of the isolated fuselage was a large 
portion of the pitchUg lnoment of the complete model, snd near the stall 
the downwash from the fuselage had a pronounced destabilizing effect. 

It was found that the best leading-edge-flap deflectton was 30° and 
that with the leallln@;-edge flap deflected 30° the best trailing-edge-flap 
deflection was 5CJ". 

INTRODUCTION 

A supersonic research airplane such as the X-3, which incorporates 
such design features as a thin, low-aspect-ratio w5ng snd a large fuselage, 
would be expected to present stability problems in low-peed flight, 
landing, snd take-off. PreUminary.investigation of a O.l&cale model 
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of the X-3 airplane at low and high subsonic Mach nxntibers in the AIMS 
lbfoot hi-peed wind tunnel (reference 1) indicated the airplane 
possessed undesirable longitudinal ctiacteristics and that detailed- 
testing of the model at low subsonic speeds was desirable. 

An investigation was therefore undertaken in the Ames 7- by IMoot 
wind tunnel to determine the cause of the undesirable lo-peed charac- 
teristics and, if possible, to improve them without comp~omieing the 
high-speed characteristics of the airplane. Tests were also conducted to 
determine the complete longitudinal characteristics of the X-3 airplane 
in low-speed flight. 5 results of these tests are presented in this 
report. 

All forces and moments were computed with respect to mutually per- 
pendioular axes passing through the center of gravity. The longitudinal 
axis was parallel to the free stream and coincided with the fuselage 
reference 1Q.e for an angle of attack of O". The lateral axis was para.lSel 
to the wing mercent-chc& line, The force end moment center was on the 
fuselage reference line and 0.15 of the wing mean aerodyne&c chord behind 
the leading edge of the wing mean aerodynamic chord. 

The following coefficients and symbols are used in this report: 

CD 

CL 

Cm 

cm0 

P 

drag drag coefficient - 
( > ¶S 

lift coefficient JJ$ 
( > 

pitcwnt coefficient 
( 

pitchin$Emoment 
> 

pitching-moment coefficient at zero lift 

AP pressure coefficient 9 0 
increment of drag coefficient 

increment of lift coefficient 

increment of pitching-momnt coefficient 
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angle of attack of&he fuselage reference line, degrees 

fncrement of angle of attack, degrees 

deflection of undivided lew flap, posftive downward, 
degrees 

deflection of inner portion of the divided ladinpM@ flap, 
positive downward, degrees 

deflectfon of outer portion of the divided lewdge flap, 
positive downward, degrees 

deflection of split trailing-edge flap, positfve d mtward, degrees 

downwash angle at the horizontal tail, degrees 

difference in local static pressure and fremtream static 
pressure, pounds per square foot 

free--stream dynamb pressure 2 
( > 

Gv2 ,pounds per square foot 

dynamic pressure at the horizaataltail (&vt2) ,po=du= 
square foot 

mass densityoftheair inthefree streaqslugsper cubic foot 

mass densityofthe afratthetail, slugs per ctiic foot 

free-stream ve&ocfty, feet per second 

stream velocity at the tail, feet per second 

indicated airspeed, miles per hour 

stslling speed, miles per hour 

wingloading,pOundspersquarefoot . 

wing span, feet 

mean aerodynamic chord of the wing 



. 

s wing aTea, leading and trailing edges projected to fuselage centelr- 
line plane, square feet 

it incidence of the horizontal tail measured with respect'to the 
fuse-e reference line , positive deflection with the trailing 
edge dowqdegrees . 

A diagrammatic sketch of the 0.16-scaI.e model of the X-3 airplane is 
shown in figure 1. Table I presents the geometric characteristics of the 
model and the airplane. 

The wing of t&e model had a hexagonal section par-1 to the air 
stream with rounded corners at 30- and 7Wpercent chord. It had an aspecs 
ratio of 3.01, a thiclmess-to-chord ratio of 4.5 percent, and a taper 
ratio of 0.40. The 75-percent-chard line of the wing was straight and 
perpendicLLar to the body axis. Because of the model structure, it was 
not possible to test the wing of the model alone; therefore, a wing iden- 
tical in plan form and section to that of the model was constructed for 
use in tests of an isolated wing. 

!T!hewingwas ~lyequip~dwithfull~pan,plain,lead~e 
flaps of constant chord (2 inches, parallel to the plane of symmetry) and 
with partial-span, split, trailixq+dge flaps of wrcent chord extend- 
ing to 70 percent of the wing span. The wing was also supplied with other 
1eadiqyMge flaps identical to those described above but divided at 6.25, 
12.5, 25.0, or 37.5 percent of the exposed flap span measured from the 
fuse-e, so that the inner portion of the flap could be deflected inde- 
pendently of the outer portion. Leading-edge-flapbracketsthat simulated 
the external flap4rac.ket Pairings on the airplane were used on the lower 
surface of the wing of the model. Flap brackets were provided for deflecti 
ing the leading-e 

%= flaps 100, 200, 300, 
flaps 200, 400, 50 f and 6o". 

snd40°sndthetrailfng-edge 
Constructionofbothwings was such-that 

there was no leakage between the wings and the flaps. 

. 

T 

Theall -ble horizontal tail had a section similar to that of the 
wing and the -rcenGchord line was swept back 230. The tail incidence 
was varied by rotation about a line passing through the 25qtwcent point 
of the tailmeanaerodynamic chord. There was no separate elevator. 

The confi&.ration referred to as the complete.model consisted of the 
wing, the fuselage, and the tail. To this basic configuration were added 
nose fins, landing gear, air scoops, or canopy, as indicated. . 

For pilot escape at supersonic speeds the nose of the airplane, 
including the pilot*s enclosure, was originally designed to be jettisonable. 

i 
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Stabilizing fins (fig. 2) for the jettisonable nose section were tested 
on the model. The fins had circular-ar c sections of +percent thickness. 
The fins were 120° apart with one on top of the fuselage in the plane of 
symmstrg. This arrangellBent was designated as. the normal position of the 
fins in reference 1. 

The origin& mawar doors are shown in figure 3(a), and the sllb- 
sequent modifications to these doors are shown in figures 3(b), 3(c), 
3(d), ana 3(e). The nose gear and door, of which only one type was 
tested, are shown in figure 4. ' 

The air scoops (fig. 5) were made with recessed faces and without 
ducts, so there was no internal flow. The csnopy, which,wa.s also tested 
on the complete model, is shown in figure 6. Due to the manner inwhich 
the model was constructed, it was impossible to test the complete model 
with the air scoops and the canopy installed simultaneously. 

Figure 7 shows the model mounted in the wind tunnel on the single 
support strut. Lift and drag were measured with the wind-tunnel balance 
system, while pitching moments were measured with a resistance-ltype 
strain gage within the model. Pressure distributions were measured by 
mesns of flush orifices arranged in chordwise rows along the up-& snd 
lower surfaces of the wing. Figure 8 shows the locations of the rows of 
orifices on the wing. Downwash and dynamic pressure at the tail of the 
model were measured with a multipl~ube rake. The locations of the rake 
tubes with respect to the model are shown in f-e 9. 

A ground plane, raised 6 inches above the tunnel floor to exclude 
the tunnel boundary layer, was used in determining the characteristics of 
the model in the presence of the ground. The Hxqpchord plane of the 
model for sn angle of attack of 0 was 11.75 inches (0.28 wing span) above 
the ground plane snd the center of gravity was 11.83 iaches above the 
ground plsne. For the other an&es of attack at which the model was 
tested the center of =aHty remained essentially at the ssme height above 
the groundplane. 

CCRBECTIOWS TODATA 

The data have been corrected for the effects of tunnel-wall inter- 
ference by the method of reference 2. The following corrections were 
added: 

Without the ground plane 

= 0.38s a’ 
g = 0.0067 CL’ 
Ly=m = 0.0088 CL (AC,=0 for the data obtained 

with the tail off) 
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With the ground plane 

crcl = 0.029 CL 
J=D = o.ooo5 CL2 
b&=0 

The data have not been corrected for the effects of the model--support 
strut. Previous investigations, however, using a similar support system 
and a similsr model have indicated that the effect of the strut on the 
lift was small. Since the pitching moments were measured within the model 
by means of a resistance-type strain gage, the pitch- nt tares 
originated only from the interference between the model and the single 
support strut. Although drag tares were of a significant magnitude, no 
corrections were applied. It is believed, however, that the drag incre- 
msnts due to flap deflection were not greatly affected by the interference 
of the strut. 

The single support strut used for the-w-one tests was slightly 
smaller than the one used for the complete+&el tests. However, the 
tares for the two different support struts are believed to have been of 
the same order of msgnitude. 

!Ilhe data obtained from tests of the O.l&cale model of the X-3 
airplane are presented in figures 10 to 41. Although some of the figures 
are not discussed in detail, they are considered to be of sufficient 
general interest for inclusion in this report. An index of the figures 
is presented in table II. All the test results were obtained at a 
Reynoldsnuniber at approximately 2 ~108. 

Figures 10 to 23 present the results for the model with the flaps 
neutral and fully deflected. The results for the modelinthe presence 
of a ground. plane (flaps neutral and fully deflected) are presented in 
figures 24 to e. Figures 28 to 31 present the flap effectiveness aud 
the effect of partial deflection of the flaps on the static longitudinal 
stability and on the msximum lift coefficient. The effect of nose fins, 
maiz+gear doors, vertical location of the horizontal tail, divided 
lead-e flaps, pilotts canopy, and air scoops on the characteristics 
of the complete model are-presented in figures 32 to 41. 
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Static Longitudinal Characteristics, Flaps Neutral 

The effects of the component parts of the complete made1 on the lift 
and pitch-lng-monaent characteristics are shown in figure 10. With the 
wing alone, a lift coefficient at the stall1 of 0.73 was obtained at au 
angle of attack of 14.5O. The addltfon of the fuselage reduced the 
stalling angle of the wing to 11.50 and the maximum lfft coefficient to 
0.67, The lift of the isolated fuselage was computed (fig. 10) by the use 
of potentisl theory as outlined in reference 3 for angles of attack up to 
@. Goodagreemmtwas obtsinedbetweenthe experimentalandconrputed 
lift coefficients of the fuselage for angles of attack up to IL?. Above 
UZ" angle of attack potential theory does not predict a lsrge enough l3ft 
force. If the viscous effects sre accounted for by the method of refer- 
ence 4, the predicted lift coefficient was too great for angles of attack 
above 89 The nature of the stall was chmged by the addition of the 
fuselage (fig. 10). For the wiqyfuselage co&ination, the Uft coeffi- 
cient decreased slightly when the wing stslled and then increased as the 
angle of attack was increased. The increase In the lift coefficient after 
the wing stalled was possibly due to the direct lift of the fuselage. A 
collprison of dCI/da = 0.026 for the w3ng4uselsge combination sfter the 
wing stall with dC,/dcx = O.Om for the fuselage alone would refute 
this possibility. It was found, however, that relatively small longltudi- 
nal strfps along the sides of the isolated fuselage, which apparently 
simulated a small usstalled portfon of the wing root, greatly increased 
the lift-curve slope of the fuselage. 

- 3% effect of Remolds nmiber o& the lift characteristics of the 
=del may be small, as indicated by the results of tests of a similar, we 
(reference 5) Which were made over a Remolds nu&er range of 2 xlOe to 
10 x10=. The minimum flight Reynolds nuniber at sea level for the airplane 
with the flaps and gear retracted wfll be approximately 17 XIOs. 

Figure 10 also shows the variation of the pitchwment coefficient 
with angle of attack for the wing, the fuselage, and the melage 

tion. The rapid change in the slope of the pitching-momsnt curve, 
for the wing or the win@?uselage co&ination at angles of attack 

of 6' to 8' can be attributed to the chordwise growth of a regicm of 
sepsratiou where the flow separates at the wing leading edge and reattaches, 
forming a bubble. This separation is indicated by the W* pressure dis- 
tributions shown in figure ll by the re@on of approxfmatelg uniform mini- 
mum pressure on the upper surface for angles of attack of 4 to ll". The 
region of uniform minimum pressure was relatively small at an angle of 
attack of ho but rapfdly extended re 
attack was increased. 

arwardalongthe chordaathe angle of 
Tb formatian of the separated region was also 

ob*erm at Erg low Kind--tunnel speeds with the aid of a fimnt of 
smoke. 

%tall is herein defined as the condition where the slope of the lift 
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The results shown in figure 10 indicate that the static, longitudinal 
stability parameter dCm/dc for the basic fuselage was 0.0088 for angles 
of attack up to approximately 12'. Computations, using the force distri- 
bution calculated from potential theory as outlined in reference 3, give 
avalueof dC,,Jda= 0.0080, which is in good agreemnt with the measured 
value. 

A comparison (fig. 10) of the variation of pitching-moment coeffi- 
cient tith angle of attack for the wing, the fuselage, and the wing- 
fuselage combination indicates a stabilizing wing-fuselage interference 
up to an angle of attack of 12O. For angles of attack between 12' and 
16O the wing-fuselage interference was destabilizing. Above an angle of 
attack of 16O the wing-fuselage interference was again stabilizing. 

The component effects of the fuselage on the longitudinal stability 
of the model are shown in figure 12. The contribution of the horizontal 
tail to the pitching mrsent was computed for the wing with the tail and 
for the wwuselage colabinatim with the tail by use of the data shown 
in figures 13 and 14 (downwash and loss of dynamic pressure at the hinge 
line of the horizontal tail) and the data of reference 6. With this 
pitching mom& due to the tail and with the data of figure 10, figure I2 
was constructed., The mador effects of the fuselage on the stability of 
the complete model may be seen to be due to the large pitching marpsnt of 
the isolated fuselage and the downwash produced by the fuselage after the 
wing stall. The effect of the wing-fuselage interference, previously 
mentioned, on the stability was of small magnitude. Previous to the wing 
stall, the effect of the downwash due to the fuselage was of small ccnse- 

After the wing stall, however, the effect of the fuselage down- 
Er%s very destabilizing, as is indicated by the change in d&/da. 

The lift and pitch Mnt tiacteristics for the complete rncdel 
sre presented in figure 15 for several Incidences of the all-v-able 
horizontal tail. The effectiveness of the horizontal tail, as indicated - 
by a value of dCm/dit of approximately 4.026, was sufficient* tige 
to indicate that the airplane can be balanced with the center of gravity 
as far forwardas 0.05 of the mean aerodynsmic chordbehindthe leading 
edge of the mean aerodynamic chord. After the wing stall, the harizontal~ 
tail effectiveness decreased somewhat due to the &crease in the dynaraic 
pressure at the tail. The variation of the horizontal-tail incidence 

'4 
with indicated airspeed for the airplsne in steady, straight, unyawed 

f i&t (fig. 16) was estimated from the data for the complete model with 
the flaps neutral (fig. 15). These curves indicate that with the center 
of gravity at 5, 10, or 15 percent of the mean aerodynsMc chord and with 
a wing loading of 100 pounds per square foot the stability will be satis- 
factory. The minimum indicated airspeed obtaInable with the flaps and 
gear retracted for a wing loading of 100 pounds per square foot would be 
approximately 243 miles per hour for unstalled flight, as indicated by the 
test results. 
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Static Longitudinal Characteristics, Flaps Fully Deflected 

The effect of the component parts of the coqlete model, with the 
leading-edge flaps deflected 30' and the trailing-edge flap deflected 50°, 
on the lift and pitching-moment chsracteristi& is shown in figure 17. 
With the wing alone (lead-age and traiwdge flaps extended inward 
to the plane of symmetry), a maximum lift coefficient of 1.55 was obtained 
at an angle of attack of 19.5O. The addition of the fuselage to the wing 
decreased the stalling angle of the combination approximately 1.5O. Fur- 
thermore, at an sngle of attack of O", the addition of the fuselage 
reduced the increment of lift coefficient developed by the split trailing- 
edge flap from 0.52 to 0.31. 

As mentioned previously in the discussion of the longitudinal charac- 
teristics of the model with the flaps neutral, the effect of Reynolds 
number maybe small. This is indicated by the results of tests which were 
made for a similar wing (reference 7) over a Reynolds number range of 
3 x 106 to 10 x 106. The Reynolds number of the X-3 airplane in approach 
and landing will be approximately 13 X 108. 

The variation of the pitch-mnt coefficient with sngle of attack 
for the wing, the fuselage, and the wing-fuselage combination is shown in 

The 
,J2EyJ.$ f 

rapid change in the slope of the pitchinwment curve 
or the w-uselage combination or for the wing alone at an 

angl: of attack of approximately 16' is due possibly to wing-leading-edge 
separation. It cannot be ascertained from the available data if the 
separation was similar to the bubble noted with the flaps retracted. The 
tuft studies, however; did indicate rough flow over the center portion of 
both wing panels at approximately ~6~ angle of attack. The pressure 
distributions in figure 18 show that the center of pressure moved rearward 
rapidly at approximately 16' angle of attack. A compsrison of the varia- 
tion of the pitching+.wment coefficient with angle of attack for the wing- 
fuselage coddnat$on with that calculated as a summation of the pitching 
moments of the wing and fuselage indicates a stabilizing win@uselage 
interference for angles of attack from O" to lB" (wing stall). Resides 
the change in stability, there was a large positive Cm, shift due to 
the removal of the center section of the trailinpdge flap to accom 
date the fuselage. 

The effects of the fuselage on the longitudinal stability of the 
model are separated in figure 19. The contribution of the horizontal tail 
to the wing-plus-tail curve was computed using the data of reference 6 
and the data of figures 20 and 21 (downwash and loss of dynamic pressure 
at the hinge line of the horizontal tail). Examination of figure 19 shows 
that, as with flaps neutral, one of the-major effects of the fuselage was 
due to the large pitchingmoment of the isolated fuselage. The wing- 
fuselage interference was also of a large magnitude throughout the angle- 
ofettack range tested. The effect of the fuselage on the changes in 
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downwash snd dynamic pressure at the tail was of relatively small impor 
tance below an angle of attack of approximately 12O. Above this angle of 
attack, however, the changes in downwash and in dynamic pressure due to 
the fuse- were of major importance (fig. 19). Reference to figure 17 
shows that the lift+urve slope for the isolated fuselage started to 
increase at approximately th3.s saxe angle of attack (a = 12'). Further 
more, figure l0 shows the agreement between the test data and potential 
theory is not good above an angle of attack of l2O, indicating that there 
was a defiafte change in the character of the flow over the fuselage at 
the higher angles of attack. 

The data of figures 22 and 23 indicate that the airplane will be 
longitud3nally stable throughout the test angle-of-attack range with the 
center of gravity as far aft as 15 percent of the mean aerodynamic chord 
behind the leading; edge of the mean aerodynamic chord. The data also 
indicate sufficient horizontal4ail effectiveness to balance the airplane 
at the m4 flight speed with the center of gravity as far forward as 
5 percent of the zman aeroQrJB,&c chord. With a wing loading of lO0 
pounds per square foot, the minimum indicated airspeed attainable would 
be approxinmtely 172 miles per hour. A comparison of the variation of 
incidence of the horizontal tail with indicated airspeed for the flaps 
neutral (fig. 16) and for the flaps fully deflected (fig. 23) indicates a 
rather large change in the horizontal4ail incidence to balance the air- 
plane as the flaps are deflected. 

Static Longitudinal Chsracteristics in the 
Presence of a Ground Plane 

For the tests with the model In the presence of the grourtd plane the 
nose gear, the nosear door, and the main gear were installed on the 
model to simulate tsff with the flaps neutral and to simulate landing 
with the flaps fully deflected. Figures 24 to 27 present the lift and 
static, 1ongitudInal stability characteristics of the model with the flaps 
neutral and fully deflected. 

With the flaps neutral, a comparison of the data of figures 24 and 15 
showsthatthe proximityofthe modeltothe ground plane Fncreasedthe 
lllaximum lift coefficient and the static longitudinal stability. With the 
center of gravity 15 percent of the mean aerodyactlaic chord behind the 
leading edge of the xwsn aerodyna&c chord, the nrarimum lift coefficient 
for balance was increased from 0.66 to 0.70. With a wing loading of 100 
pounds per square foot, however, this would amount to a decrease by only 
7 miles per hour of the minin~~ attaz!nable indicated airspeed. At approx- 
imately 1.2 times the stalling speed (CL = O-5), the nearness of the model 
to the ground plane changed the value of dCm/dCL from 4.155 to -0.238 
(center of gravity at 15 percent of the m3an aerwc chord). With the 
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most forward center-of~avity locatiou anticipated (5 percent of the 
mean aerodynamic chord), the horizontal tail was sufficiently effective 
to balance the model at the stall. 

With the flaps fully deflected, the proximity of the model to the 
ground plaue decreased the sngle of attack at which the wing stalled from 
18.5' to 14.80 with a consequent decrease fn the lift coefficient at the 
stall of C-C6 (figs. 22 aud 26). At approximately 1.2 times the stalling 
speed snd with a wing load- of 100 pounds per square foot, the static 
1ongitudFnal stability was increased from dCla/dCD = -0.08l to -0.296 
(center of gravity at 15 percent mean aer&ynamic chord). As was the case 
with the flaps neutral, the results indicate that the horizontal tail is 
sufficiently effective to balance the airplane at the stall with the most 
forward center-of-avity location (5 percent mean aerodynamic chord 
behind the leadiug edge of the man aerodynsmic chord). 

Static Longitudinal Characteristics, 
Flaps PartiaflyDeflected 

* 5 variation of the lift coefficient at the stall with lead- and 
trailing-edge-flap deflections is shown in figure 28. Of the four leading- 
e-lap deflections tested (% = loo, 20°, 30°, and bU"), the 30° deflec- 
tion produced the highest lift coefficients for trail~dge-rPlap 
deflections less than !jO". Tw-o4i.mmsional test data from reference 8 for 
a similar, thin, s~dgedairfoilhave also indicatedthatthe nmximm 
beneficial lemdge-flap deflection was about 30’. With the leading- 
9 flap deflected 30°, a deflection of the trail- split flap of 
!jO produced the highest lift coefficient. 

Figure 29 shows the variation of drag coefficient with lift coeffi- 
cient for various lead- tmd trailfng-edge-flap deflections. As 
previously mnt&med, no corrections have been applied to the data for the 
effects of the model support. 5 drag and interference of the model 
support chasgedthe ma~itudes of the drag coefficients, but it is believed 
that the drag increments and the shapes of the curves were not altered. 
The envelope of the lift4rag curves (fig. 29) therefore would indicate 
the flap deflection for m3nimm drag for a given lift coefficient. To 
follow the envelope curve for lift coefficients of 0 to approximately 0.8, 
the leadin@;-edge flap should be deflected from O" to 30° so that the flap 
deflection varies approximately linearly with lift coefficient. To follow 
the envelope curve for lift coefficients of 0.8 to the stall (CD = l-4), 
the lewwlap deflection should remain constant at 30° and the 
trail-age flap should be deflected from O" to w" so that the trail- - 
edgtilap deflection vsxies linearly with the lift coefficient. 

The effect of psrtial. deflection of the flaps on the static longi- 
trd stability of the model is shown in figure 30(a). As the 
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leading-edge-flap deflection was increased the stability decreased. With 
deflections of the leadimdge flap of 0' or loo the stability was satis- 
factory, but with a deflection of 2o" the data.indicate instability prior 
to the stall. As the deflection was further increased to 30' the degree 
of instability remined about the same, but the unstable rsnge was 
extended. For deflections of the leading-edge flap of 20° and 30°, the 
stability began to decrease markedly for lift coefficients above appro? 
imately 0.6. 

The decrease in static longitudinal stability that occurred with 
lead~dge-flap deflection can be attributed mainly to the change in 
the tail-off stability (fig. 30(b)) and to as-increase in the rate of change 
of downwash with angle of attack, This change in the stability of the 
model, with the tail off, was due to the delay of the leadwdge separa- 
tion by the leadiwdge flap. The increase in ds/dc may have been due 
to the effect of the leading-edge flap on the fuselage downwash since the 
decrease in stability began at approximately the angle of attack at which 
the lift-curve slops of the isolated fuselage (fig. 10) began to increase. 
Deflection of the trailing-edge flap in conjunction with the leading-edge 
flap had a beneficial effect on the stability and the lift for all flap 
configurations (fig. 31). 

Effect of Miscellaneous Changes of the Model 
on the Longitudinal Characteristics 

Bose a.-' The sirplane as originally designed was to be equipped 
with a jettisonable nose section for pilot escape. Three fins were 

' attached to the nose to stabilize this section in a free fall after separa- 
tion from the rest of the airplane. Figure 32 presents the results of 
the tests with the nose fins. These results indicate that the nose fins 
caused large destabilizing pitching mounts, due mainly to the direct lift 
forces produced by the nose fins. Consequently, further tests with the 
nose fins were abandoned early in the investigation. 

Main4andFna-ges.r doors.- The effects of several types and sizes of 
main-landing-gear doors are shown in figure 33. The major effect of the 
landimar doors was similar to that of the nose fins in that the hori- 
zontally projected area of the main-gear doors contributed lift forces 

' ahead of the center of gravity, causing a destabilizing pitching moment. 
Removal of the original main-landwar doors increased the static 
longitudinal stability dCddC!D by approximately -0.05. Other main- 
landing-gear doors (main-gear-door configurations 3 snd 4) were developed 
that were not detrimsntal to the static longitudinal stability. 

Vertical locat- of hoaaxltal t&l Figure 34 shows the effect of 
varying the vertical location of the hori&tal tail. (See table I for 
the height of the tail above the-wing-chord plane.) With the flaps neutral 7 

I 
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(fig. 34(a)), a considerable increase in the-static longitudinal stability 
was obtained by raising the horizontal tail from 0.587 to l-307 feet 
(model scale) above the wing-chord plane. With the wing fhP* fully 
deflected (fig. 34(b)), a similar increase in the static longitudinal 
stability was obtained at the lower lift COeffiCiad*- However, above a 
lift coefficient of l.l.the vertical location of the horizontal tati 
had a negligible effect cxn the stability. 

Modified lead-age flaps.- Tests were made with the leading-edge 
flap tidified so that the fnner portion of the flap could be deflected 
differentially with respect to the outer portion. The results of these 
tests are presented in figures 35 to 39. It was found that by deflecting 
only the outer 89.5 to 94 percent of the exposed lead-age flap 30° 
the maximum lift coefficient could be significantly increased without any 
deleterious effect on the static longitudinal stability. This increase in 
the maximum lift coefficient might be explained by the action of vortices 
being shed at the break in the flap. The vortices possibly re-energized 
the wing boundary layer and kept the flow separation from spreading 
rapidly, thereby allowzIng the angle of attack to be increased several 
degrees more before the win@; stalled. 

casqpy end scoops.- Figures 40 snd 41 present the results obtaFned 
with the canopy and scoops added individually to the complete model. 
Neither the canopy nor the scoops materially affected the variation of 
lift coefficient with angle of attack with flaps neutral or fully deflec- 
ted. There was, however, a srmll increase in the maximum lift coeffi- 
cient, with the flaps fully deflected, due to the addition of either the 
canopy or the scoops. 5 major effect of the canopy on the variation of 
the pitching-moment coefficient with lift coefficient was a small Cm0 . 
shift with the flaps neutral. 5 scoops caused a Cmo shift and a slight 
decrease in the stability with the flaps neutral or fully deflected. 

CONCLUSIONS 

The following conclusions can be drawn from the data obtained during 
the Low-speed tests of the O.l&scale model of the X-3 airplane conducted 
in the Ames 7-by U&foot wind tunnels: 

1. The airplane without the nose fins or the original gear doors 
will be longitudinally stable from zero lift to the stall with leading- 
edge and trailmdge flaps fully deflected or neutral with the center 
of gravity at 0.15 of the wing msan aerodynamic chord. 

2. The horizontal-tail effectiveness in flight or ti the presence 
of the sound will be sufficient to balance the airplane at the stall with 
the flaps neutral or fully deflected. 
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3. Removal of the main-landing-gear doors increased the static 
longitudinal stability with.the flaps fully deflected. 

4. The destabilizing moment of the isolated fuselage was a large 
portion of thepitching moment of the complete model. 

5. Near the stall the changes in the downwash at the tail, due to 
the fuselage, had apr onounced effect on the static longitudinal stability, 

6. 5 large destabilizing effect of the fins on the jettiscmable 
nose made their use impractical. 

7. 5 best leading-edge+lap deflection was found to be approxi- 
mately 30°. It was also found that with 30° deflection of the leading- 
edge flap the opt- deflection of the trailing-&ge split flap was 
approximately 50°. 

8. Deflection of only the outer 88 to 91 percent of the lew 
edge flap was found to improve the maximum lift coefficient without any 
detrimental effect on the static longitudinal stability. 

Ames Aeronautical Laboratory, 
National Advisory Committee for Aeronautics, 

Moffett Field, California. 
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TABLE I.- GEOMfKCRXC CELARACTEIcfSI'ICS OFTHEMODELAHD- 

Model Airplane 

wing 
Area, square feet 
Aspect ratio 
Taper ratio 
Span, feet 
Mean aerodynsmic chord, feet 

4.091 159.81 

'6": 
p; 

',"1: 
21.63 

11667 
7.74 

Root chord, feet 10.42 
Tip chord, feet 0.667 4.17 
Percent thickness 4.5 4.5 
Dihedral, degrees 0 0 
Incidence, degreea 0 0 
Sweepback (75-percent+hord line), degrees 0 0 
Distance of wing-chord plane below fuselage 

reference plane, feet 0.078 0.487 

Leading-3dge flaps 
Type Plain Plain 
Wing station at inner end, feet 0.420 2.625 
Wing station at outer end, feet 
Chord, feet x2; %~ 
Maximum deflection, degrees l 4c -40 

Trailing+dge flaps 
Tgpe 
Wing station at inner end, feet 
Wing station at outer end, feet 
Percent chord 
Msximum deflection, degrees 

split Split 

",-2i 
2.541 
7.661 

i5.0 25.0 
60 60 

Ailerons 
Txw 
Wing station at inner end, feet 
Wing station at outer end, feet 
Percent chord 
Deflection, degrees 

Plain PI&n 
1.228 7.672 
1.753 10.965 

5.0 25.0 
'15 *15 

, 
. 

\ . 

. 
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TABLE I.- coNTm 

MCdd AGi22&s 

3orizontal tail 
Area, square feet 0.794 31.01 
Aspect ratio 
Taper ratio "i0i 

l& 
";l"t 

span, feet 
Root ohord, feet 0.725 

p; 

Tip chord, feet 0.293 1:833 
Sweepback of 50--percentihord line, 

degrees 23 23 
Incidence (vasiable), degrees 10 to -19 10 to 30 
Mean aerodynamic ohord of the 

exposed area, feet 0.521 3.256 
Exposed erea, square feet 0.701 27.383 
Hinge line, percent of M.A.C. of 

exposed area 25. 25 
Tail length (from l+-peroent wing 

M.A.C. to horizontal-tail hinge \ ,@' 
line), feet 3=375,.-I+ 21.095 

Height above fuselage reference line 
Normal tall location, feet .;I4 * o-587 ; 4 3.667 
Intermediate tail looatfon, feet.5'3 0.947 ' .- --- 
High tail looation, feet .?iS 1.307 Jr1 --- 

Tertioal tail 
Area, square feet 0.678 26.50 
Aspect ratio 1.32 1.32 
Taper ratio 0.25 0.25 
Span, feet o-947 
Root chord, feet 1.147 57':;; 
Tip ohord, feet 0.287 1:792 
Height of root chord above fuselage 

reference line, feet 0.688 4.302 
Sweepback of gC-percent-chord line, 

degrees 0 
Mean aer-c ohord, feet 0.803 5.01; 
Tail length (from lmrcent w3ng M.A.C. 

to 2Fperoent vertical tail M.A.C.), 
feet 

3.411 21.316 

3udder 
Span, feet 0.705 4.406 
Tip chord, feet 0.176 bog8 
Root ohord, feet 0.238 lo488 

17 
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!YuBxE I.- CONcLrnED 

Rudder 
Deflection, degrees 
Hingel.inenomaltofuselage 

reference line 

Model Airplane 

*20 f20 

--- we- 

Jettisonablmose Wns 
Area of each ffn, square feet 
Aspect ratio 
Taper ratio 
Span, feet 
Root chord, feet 
Tip chord, feet 
Mean aeromc chord, feet 
Sweepback (mrcentchord line), degrees 
Horizontal distance of the 25 percent 

M.A.C., feet 

0.084 
0.75 
0.25 
0.253 
0.533 
0.133 
0.373 
0 

3=30 
0.75 

1:;z 
‘:ig 
2.333 
0 

3.437 

~Assumsdwingloading, pounds per square foot --- 
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Bigure 2.-DetaSl of tba nose firm. 
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(a) Configuration 1. 

- -...-- 

(b) Configuration 2. 

27 

Figure 3.- Detail of the various main-gemoor canfigurations. 
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A-13347 

(4 Configuration 3. 

(d) Cmfiguration 4. 

Figure 3.-Continued. 
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(0) ccinfil3uratlaar 5. 
Fie;ure3.-hncluaed. 
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Figure 4.- Detail of the 11088 gear and door. 
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Bigure 5.- Detail afthe aFr scoops. 
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figure 6.- DetElFz cf the canopy. 
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(4 wing aLm?J. 
Figure 7.- Thf3 ndKi.momted tithe windtmlhl. 
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(b) Complete model with the flaps deflected, landing gear down, and- 
main-gear-door configuration 2.. b = 3C"; % = 50°. 

Figure 7.- Continued. 
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(c) caete mad vith tlm flaps deflectea ana tb? Llmaing gear darm 
-in the presence of the grolma p&me. b = 3o"; BTpl - 5o”. 

Bigum 7.- coIlalaed. 
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Distance of wing’ 
pressure -orifices 
from done of 

All All ckmwbns in inches. ckmwbns in inches. 

l-6100+ 
--%y . - . 

Figure 8.-Spmw/se /ocations of the wing pressure orifices. Figure 8.-Spmw/se /ocations of the wing pressure orifices. 

/2./6 . 

45 



NACA RM A50G06 

Phe of 1 
symmetry 1 
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-145 

All diinensiis L hchr. 

L ongkXh/ /ocution 
of survey p&e 

F&&we S.- Locathns of tie rake tubes used k measure /he downwush 4~d 
fhe dynumic prtwsiita at the /ah? 
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Figure /Z- LongrYudrhd chffrucferistics of tie complete m&e4 of 
fhe complete mode/ less fa/;l, of fhe fuse/age done, and of the, 
wrhg done. &F= 30 *# arF= 509 c 

. 

. 



. . 

. 

c 

HACA RM A5oGo6 

-3.2 

mm 

. 
-2.4 

I I I I I I I I I 

55 

I-H - Upper suf fuce 
--- Lower sufface l-4 

I i i I I I I 

0 20 40 60 60 /iOO 0 20 40 60 80 /loo 
Percenf chord Percent chord 

/u)9.02 inches from fhe p/one (b) /2./6 inches from fhe p/Me 
of symmetry. of symmeffy. 

/‘“/ipne fB.- plml/b;, of fne chordwise disftx&on of .wi?g pressure wifh 

mgle of uffuck. SLF = 30”, .8~- = SO*. 
‘. 



56 

-3.2 

-2.8 

0 

0204otw 80 loo 0 20 40 60 80 /oo 
Percent chord Percent chord 

Id 16.56 inches from fhe p/une (d;lB.20 /n&es from He plane 
of symmef ry. of symmefty. 
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Figure 28- Variuhiw of f!e //ff coefficienf at the SW/ wifh /coding- 

u/Ed ffui~~hg- edge flap de f/ecf/ons for the compfefe mode/ less fai/. 
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Figwe 347 The effect of the, vertical locatkn of the hc#ilontol toil on the lon#ud&l 
chorocferistics of He complete model. 
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Figure 34 .- Concluded. 
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F&we 36.-The efkct of the deflection and span of the inner leading- &.ge flap on tie pllching-moment 
chamcterMics of the camptete mode/ J&“W s,,=50°; i,=os 
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figure 38.~The effecf of the rhcidence of fhe horizonfd fal on fhe 
/omj~ibd~ha~. churucferisfics of fhe cOmpefe mode/ wifh the leod%g-edge- 
f&o div/‘deed uf 0.0625 span. bjLp=OT Scrp =30: 8,=50? 
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Figwe 395iie effecf of fhe hciieffce of tie horizonfu/ tcrY on fhe 
/ongifu&o/ chrucferisfiks of tie comp/ee mode/ wifh tie /eudbg-edge 
flip dtided af 0.125 spun. eILF=OT soLF=30(1 B~~=~OT 
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Figure 40.-The effecf of the cowy 0~ the /ongih!fhd characteristics of 
the caqo/ete mode/. 
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Fiwe 41-77re effect of /he c.& scoop on the hghdihorsl chotucteristics of 
the caqdefe model. 
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